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[Patent Attorney] 

(57) [Abstract] 

[Constitution] In iTcdiiimv^chperfluoropolyn-cr disperses, te 
trafluoroethylene and perfluoro (alkyl vinyl etiier) 
arecopolymerized, PFA where perfluoro (alkyl vinyl ether) 
content is many is fomxd. 

[Effect(s)] PFA conposition which consists of blend of perfluor 
0 polymer and PFA isacquired smoothly profitably, said 
conposition maintains property and molding property of PFA, 
possessesthe microscopic spherulite and gives nx)lded article 
which is superior in surface smoothness. 
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[Qaints)] 

[Claim 1] Being a at least I kind which is chosen from group whi 
ch consists of thetetrafluoroethylene / perfluoro (alkyl vinyl 
ether) copolyn-er (A) and tetrafluoroethylene polymer (B) to 
be, At same time in medium wliich perfluoro polymer where 
volume flow rate (X) is abovethe 0. 1 rrrrG/sec disperses, 
copolymerizing tetrafluoroethylene and perfluoro (alkyl vinyl 
ether), manufacturing method of tetrafluoroethylene / perfluoro 
(alkyl vinyl ether) copolynrr conposition which designates 
that you obtain conposition which consistsof aforementioned 
perfluoro polymer and blend of copolymer (C) \\4iich it formsby 
foming tetrafluoroethylene / perfluoro (alkyl vinyl ether) 
copolymer (Q where content of polymerization unit which is 
based onthe perfluoro (alkyl vinyl ether) is n-any from 
copolymer (A), as feature. However, volume flow rate (X), 
using Mooney-type flow tester, with tenperature 380 °C and 
load 25 kg^crrC ,fromnozzIe of diameter 2 mm , length 8 mm, 
molten stream putting out copolymer (A) and'or polymer (B), 
is thecapacity (nrrs ) of copolyiner (A) and/or polymer (B) 
which flows out to unit time (seconds). 

[aaim2] As for copolymer (Q which it forms, content of poly 

n-erization unit which is basedon perfliKDro (alkyl vinyl ether) is 
1 .0 to 3.0 mole%, manufacturing method of Claim 1 where at 
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sanrtini^ volume flow rate ( Y) is 0.5 to 1 00 mil3/scc. 
However, volume flow rate (Y), using Mooiiey-type flow 
tester, with temperature 380 °C and load7k@^cni2 ,from 
nozzle of diameter 2 rrm, length 8 rm\ molten stream putting 
out copolymer (C), is thecapacity (mrrC ) of copolymer (Q 
which flows out to unit time (seconds). 

[aaim3] Vis-a-vis 0.05 to 20 parts by wei^t of perfluoro poly 
mer iranufacturing method of Claim 1 or 2 v\4iich 
thecopolymer (Q 100 parts by weight is formed. 

[aaim4] As for copolymer (A), content of polymerization uni 
t which is based on perfluoro (alky) vinyl ether)is 0.3 mole % 
or less, manufacturing method of any of Qaim 1 to 3 wiiere at 
sanxtinr; volume flow rate (X) is 0. 1 to 30 mn 3 / second, 

[Qaim 5] As for polymer (B), manufacturing method of any of 
Qaims 1 through 4 \\4iere volume flow rate (X)is 
tetrafluoroethylene polyn"Er of 0. 1 to 30 rrm 3 / second. 

[aaim6] As for perfluoro polymer nmufacturing method of a 
ny of Qaims 1 through 5 wdiere particle diameteris 1 00 m or 
less. 

[Qaim?] As for perfluoro polymer, manufacturing method of 
any of Qaim 1 to 6 which isacquired by polymerization and/or 
tetrafluoroethylene of tetrafluoroethylene and 
copolymerizingthe perfluoro (aikyl vinyl ether) in iTEdium 

[Qaim 8] As for tetrafluoroethylene / perfluoro (alkyl vinyl eth 
er) copolymer corrposition, content of polymerization unit 
vMch is based on perfluoro (alkyl vinyl ether)is 0.9 to 3.3 , 
nT)le%, manufacturing n-ethod of any of Qaim 1 to 7 where at 
sametime volume flow rate (Z) is 0.5 to 1 00 niTO/sec. 
However, volume flow rate (Z), using Mooney-typc flow tester, 
with temperature 380 °C and load 7 kg^cmz ,fromhozzle of 
diameter 2 mm , length 8 mn, nx>lten stream putting out 
tetrafluoroethylene / perfluoro (alkyl vinyl ether) copolyirer 
composition, is thecapacity (nrrs ) of tetrafluoroethylene / 
perfluoro (alkyl vinyl ether) copolymer conposition which 
flows out to unit time (seconds). 

[Claim 9] Manufacturing nxthod of any of Qaim 1 to 8 where 
perfluoro (alkyl vinyl ether) is perfluoro (propyl vinyl ether). 

[Qaim 10] As for tetrafluoroethylene / perfluoro (alkyl vinyl et 
her) copolymer conposition, n-anufacturing method of any of 
Qaim 1 to 9 to which the spherulite size gives molded article of 
25 morless. 
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[□aim 1 1] As for tetrafluoroethylene / perfluoro (alkyl vinyl et 
her) copolymer conposition, nwiufacturing method of any of 
□aim 1 to 10 to \^^ch the inside surface rougjiness gives 
extaision molded tube of 0.5 m or less. 
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[Description of the Invention] 
[0001] 

[Field of industrial Application] This invention re^ds nwiufac 
turing method of perfluoro copolymer conposition, details arc 
superior in the surface snxothness, regard manufacturing 
method of tetrafluoroethylene / perfluoro (alkyl vinyl ether) 
copolymer composition wdiich gives molded article which 
inaddition is siperior even in stress crack resistance. 

[0002] 

[Prior Art] Fromfact that it is a polymeric niiterial v^cre rcce 
ntly, as for tetrafluoroethylene / perfluoro (alkyl vinyl etiier) 
copolyner (Below , it nBkes PFA ),the heat resistance , 
chenical resistance and solvent resistance etc are sipjrior, 
fijrthemDre withthe thermoplasticity easily molding and 
fabrication is possible, utilizing feature, thewafer carrier and 
quite part of tube or other semiconductor manufacture 
equipment of fluid transport wdiich is required,the material of 
inside surface coating of container, it has been used high 
cleanlinessfor electric wire cladding nBterial or other various 
applicatioa 

[0003] PFA is crystalline resin, it is cooled after nrlt molding a 
nd wtei thesolidification doing, rrultiple crystal nucleus occurs 
inside melt PFA by recrystallizationdoing, in center crystal 
growth does this crystal nucleus in isotropicdirection, but growth 
stoppingnutual crystal boundary bytouching, so-called 
^herulite forms. As for surface smoothness of PFA molded 
article it is known that it depends on sizeof tliis spherulite.- 

[0004] As for conventional PFA, spherulite grows generally larg 
ely, niiltiple relief occursin surface of molded article as result. 
With tube which formed from this kind of PFA turbulent flow 
occursin fluid which flows alongside inner perimeter surface, 
smooth transport of thefluid is obstructed by transport 
resistance of this time. With this kind of PFA tube, when flow 
rate is slow, site which theflow does not occur in uneven surface 
part occurs, fluid to be long theresidence does in said portioa 
Therefore when ultrapure water is let flow to this kind of PFA 
tube, bacteriaetc occurring in said portion, there was a problem 
that cleanliness of thefluid is inpaired. In addition, when you 
use, as inner coating n-aterial of container film whichcauses big 
spherulite can recognize also problem that to cause thestress 
crack durability deaeases easily. 
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[0005] As for size of spherulite it is informed, that it deperKk o 
n thecooling rate after nx!t iiDlding, extent nicroscopic 
spherulite which quench is done fom'B,but quench is a 
inpossible case by molding nxthod. When thick walled tube is 
obtained with for exanple extrusion nDlding method , when 
tube wliich waspushed out is cooled from outside surface because 
quench it is not done,the big spherulite forms pipe inside surface 
and there is a problem that snix)tlviess ofthe tube inner surface 
is inferior. 

[0006] Method which inproves crystallization property of pol 
yvinylidene fluoride is proposed to theJapan Unexanined 
Patent Publication Showa 48 - 22 1 83 disclosure and Japan 
Unexamined Patent Publication Hei 5 - 216548 disclosure . 

[0007] Adding fluorine nxinonxr wtiich forms polynrr w^ere c 
rystallizationtenperature is higher thanthe polyvinylidene 
fluoride to systemvrfiere particle of polyvinylidene fluoride 
exists, fromafter, you polymerize and forrrer, it is a method, 
property ofthe polyvinylidene fluoride itself there is a 
difficulty that decreases. In addition, with method of fomicr 
there are also some wWch isnot inprovement effect of 
crystallization property. 

[0008] It is something where method of the latter copolynxriz 
es otherfluorine monomer of trace to vinylidene fluoride, at 
same time can give suitable molecular wei^ distribution,it is 
something regarding copolymer where also this method differs 
thepolyvinylidene fluoride itself essentially. 

[0009] 

[Problems to be Solved by th: Invention] This invention witho 
ut inpairing property and molding property where PFA itself 
issuperior, offers manufacturing method of PFA conposition 
vyWch possesses crystallization propertywtiere spherulite size is 
small. In addition, this invention offers PFA conposition 
v^ch possesses crystallization propertyw4iich is easy to form 
microscopic spherulite even with relatively slow cooling rate. 
Furthemiore, this invention is superior in surface snxothness, 
offers PFAconpositionwhich can give molded article vAich is 
superior even in stress crack resistance. 

[0010] 

[Means to Solve the Problems] PFA original property and \^*lile 
molding property is kept, spherulite size in themolded article of 
PFA can make ttese inventors, sirall result of diligent research, 
bycontaining ^)ecific perfluoro polymer in PFA in order to 
achieve theaforementioned object, fact that in addition surface 
of nx)lded article becomes thesmooth was discovered. And, this 
kind of PFA conposition, in medium w+iich specific perfluoro 
polymerdisperses, copolymerized tetrafluoroethylene and 
perfluoro (alkyl vinyl ether) and discovered thefact that it can 
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be prcxlimlsiTDGthly profitably 5 ductoespcx:ially. 

[00 1 1] Namely as for this invention, Being a at least 1 kind whi 
ch is chosen from group which consists of the 
tetrafluoroethylene / perfluoro (alkyl vinyl ether) copolymer 
(A) and tetrafluoroethylene polymer (B) to be, At same time in 
medium which perfluoro polymer where volume flow rate (X) is 
abovethe 0. 1 rrrrS/sec disperses, copolymerizing 
tetrafluoroethylene and perfluoro (alkyl vinyl ether), it 
offersthe nwiufacturing method of tetrafluoroethylene / 
perfluoro (alkyl vinyl ether) copolymer conposition which 
designates that you obtain conpositionwhich consists of 
aforementioned perfluoro polymer and blend of copolymer 
(Q which it forms by foming tetrafluoroethylene / perfluoro 
(alkyl vinyl ether) copolymer (C) wtiere content of 
polymerization unit whichis based on perfluoro (alkyl vinyl 
ether) is many from copolymer (A), as feature. 

[0012] However, volume flow rate (X), using Mooney-type flo 
w tester, with temperature 380 °C and load25kg/cm2 ,from 
nozzle of diameter 2 mm , length 8 nr\\ molten stream putting 
out copolymer (A) and/or polyrner (B), is thecapacity (nrrfi ) 
of copolyn-er (A) and/or polymer (B) which flows out to unit 
time (seconds). 

[0013] Regarding to this invention, copolymer (C) which it for 
n^B with copolymerization reaction in thespecific medium is 
tetrafluoroethylene / perfluoro (alkyl vinyl ether) copolymer 
where content of polymerization unit wtiich isbased on 
perfluoro (alkyl vinyl ether) is nwiy from copolymer (A), 
usually contentof polymerization unit \^4iich is based on 
perfluoro (alkyl vinyl ether) is 1 .0 to 3.0 mole%, it is 
desirableat same time for volume flow rate (Y) to be 0.5 to 100 
mm3/sec. 

[0014] However, volun^e flow rate ( Y), using Mooney-type flo 
w tester, with tenperature 380 °C and load7kg/cnl2 ,from 
nozzle of diameter 2 nm, length 8 nm, molten stream putting 
out copolymer (Q, is thecapacity (nmiJ ) of copolynx^r (C) 
wliich flows out to unit time (seconds). 

[0015] When volume flow rate (Y) is too small, when molding 
property not to be a satisfactory, it istoo largp, strength 
decreases. A more desirable copolymer (Q is 
tetrafluoroethylene / perfluoro (all^l vinyl ether) copolymer 
wtiere volume flow rate ( Y) is something ofthe 1 to 5 0 
nrro/sec. 

[0016] In addition, it can use copolymer (A) and/or polynrr (B 
) as perfluoro polymer, copolymer (A) is tetrafluoroethylene / 
perfluoro (alkyl vinyl ether) copolyn"Er where content of 
polymerization unit \\tuch is based onthe perfluoro (alkyl vinyl 
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ether) in comparison with eopolymer(C) is less, polynx;r(B) 
is polyntirof tetrafluoroethylcne alone, volume flow rate (X) 
oftheseperfluoro polymer is above 0.1 mrO/sec. As for 
volume flow rate (X) of copolymer (A) or polymer (B) it is 
desirable to be aO. 1 to 30 mm 3 / second respectively. 



[00 1 7] Pcrfluoro polymer is good even with blend of copolyme 
r (A) of 2 kinds or more, isgood even with blend of polymer 
(B) of 2 kinds or ntjre, furthermore isgood even with blend of 
copolymer (A) and polymer (B). When such blend is adopted as 
perfluoro polymer, volume flow rate (X) as this blend 
niikesabove 0, 1 mnu/sec, it is desirable for volunx flow rate 
(X) of this blend to be theO. 1 to 30 mm 3 / second. 

[0018] When volume flow rate (X) is too large, crystal nucleus 
becomes difficult to fomUhe copolymer (A) and/or polynrr 
(B) by nxlting and mixing doing in copolymer (C) and 
perfection, effect whiclimakes spherulite size snull as result, 
decreases. On one hand, when volun-E flow rate'(X) is too 
small, melting and nixing of copolymer (Qbecomes difficult. 
As for a more desirable copolymer (A) and/or polymer (B), 
volume flow rate (X) is perfluoro polymer of 0.2 to 10 
mn3/sec. 

[0019] Furthermore, it cannot recognize inprovement effect o 
f crystallization property as PFA conpositionto which as for 
copolymer ^\d^e^e content of polymerization unit which is 
basedon conventional tetrafluoroethylcne polynxr or 
perfluoro (alkyl vinyl ether) is little, volume flow rate is snBll 
extremely, inthe this inventioa 

[0020] In addition, as for PFAconposition, it is desirable for v 
olume flow rate (Z) to be theO.5 to 1 00 miG/sec. When 
volume flow rate is too small, wdien molding property not to be 
a satisfactory, it istoo largp, strength decreases. A more 
desirable PFAconposition is tetrafluoroetl^lene / perfluoro 
(alkyl vinyl ether) copolymer conposition wliere volume flow 
rate (Z) is something ofthe 1 to 5 0 nrrG/sec. 

[0021] However, volunx flow rate (Z), using Mooney-type flo 
w tester, with temperature 380 °C and load7kg/cni2 ,from 
nozzle of diameter 2 nm, length 8 mm, molten stream putting 
out tetrafluoroethylcne / perfluoro (alkyl vinyl ether) 
copolymer conposition, is thecapacity (nxiB ) of 
tetrafluoroetltylene / perfluoro (alk>d vinyl ether) copolyner 
conposition which flows out to unit time (seconds). 

[0022] Melt temperature of copolymer (Q is 300 to 3 1 3 °C 
extent in range of volume flow rate (X) or the(Y) in this 
invention, as for melt tenperature of copolymer (A) as for 
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rnclt tenperature of the308 to 332 °C extent and polynrr 
(B) is 323 to 333 °C extent. When generaJIy, content of 
polyn-erization unit which is based on perfluoro {alkyl vinyl 
ether)decreases, melt tenperature beconxs hi^ and melt 
molding and fabrication property decreases. 

[0023] Therefore, regarding PEA conposition of this inventio 
n, quantity v^iere the copolymer (A) and/or polynxr (B) is 
included, per 100 paits by wciglit of copolynxr (C), is selected 
from range ofthe 0.05 to 20 pai1s by wight, per 1 00 parts by 
weigjit of copolymer (C), especially it is desirable to contain 
theO.5 to 10 parts by weight extent of copolymer (A) and/or 
polymer (B). When content of copolymer (A) and/or polymer 
(B) is too little, v^n effect which nukesthe spherulite size 
small is little, on one hand, is niuiy molding properly ofthe 
PFA conposition is inpaired. 

[0024] As for perfluoro (alkyl vinyl ether) which is a copolynr 
r conponent in copolynrr (Q or copolynxr (A), thosewtiich 
are di^layed with General Forniila C F2 =CF0(CF2)n CF3 
are desirable, frompoint wherethe mechanical strength in hi^ 
tenperature of copolymer (C) or copolymer (A) is superior, as 
forthe n it is more desirable to be a integer of 0 to 6. perfluoro 
(propyl vinyl ether) wiiere n is 2 especially is desirable. 

[0025] And, as for content of polymerization unit which is base 
d on perfluoro (alkyl vinyl ether) in the copolynrr (Q, 
aforeiTEntioned sort it is desirable frompoint of molding 
propertyof copolymer to nxike 1 ,0 to 3.0 mole% extent. 

[0026] In addition, as for content of polymerization unit wWch 
is based on perfluoro (alkyl vinyl ether)in copolynrr (A), it is 
desirable to be a 0.3 mole % or less and a especially 0.2 mole % 
or less. When content of polynrrization unit which is based on 
perfluoro (alkyl vinyl ether) in copolymer (A)is n^y, . 
fom-Btion of crystal nucleus not to be a satisfactory, effect 
wWehmakes spherulite size sn-all becomes small. 

[0027] In addition, as for content of polyirerization unit wliich 
is based on perfluoro (alkyl vinyl ether)in PFA coirposition, it 
is desirable to make 0.9 to 3.3 nT)le% extent frompoint of 
thent)lding property as PFA conpositioa 

[0028] Regarding to this invention, in medium which copolym 
er (A) and/or polymer (B) is dispersed,copolymerizing 
tetrafluoroethylene and perfluoro (alkyl vinyl ether), it is 
possible to formthecopolymer (C), in addition, in medium 
after synthesizing perfluoro polymer whichconsists of 
copolyn:Er (A) and/or polymer (B) with polymerization 
reaction beforehand, continuously in themedium which this 
perfluoro polymer disperses to form copolymer (C) it is possible. 
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[0029] Reg^ding production method of former, perfluoro poly 
mer (copolymer (A) and/or polyiner (B)) in ircdium 
swellingdoing with medium , we are dispersed, in said medium 
tetrafluoroethylene and thepci-fluoro (alkyl vinyl ether) 
copolynxrize and PFA conposition which consists of blend of 
thecopolymer (C) and perfluoro polymer which arc formed ^ 
due to especially, isacquired. As for copolymer (A) and/or 
polymer (B) which is used, it is desirable for particle diameter 
toconsistofparticleof 100 morless, 30 morless 
especially is desirablein order to obtain satisfactory dispersion in 
nrdiuna When particle diameter of perfluoro polymer is too 
largjc, lunp due to agglomerateof perfluoro polymer particle in 
surface of molded article from PFA conposition becomes easy, 
tooccur becomes disadvantagpous considered as viewpoint of 
surface smoothness ofthe molded ail icle. 

[0030] FuithemDre, copolyim- (A) and/or polymer (B) becaus 
e it is a inactivity, does not produce wtiatcffect on 
copolymerization reaction of tetrafluoroethylene and 
perfluoro (alkyl vinyl ether). 

[003 1] In addition, production method of the latter is as follow 
s. Generally, as for conposition wWch is based on monomer 
unit of copolyraerin radical polyn-erization, it is decided by 
concentration ratio in polymerization site of monomer, in 
this case, conposition proportion which derives in ironomer of 
copolymer \\*iichis fom-ed in order due to reactivity ratio 
between each mononrr, differs fronlhe ratio of monomer 
^^4lich exists in reactor. 

[0032] Therefore, regarding production method of the latter, r 
atio of tetrafluoroethylene mononTcr / perfluoro (alkyl vinyl 
ether) nx)nonx;r whichcxists in raictor first in initial stagp of 
polymerization reaction process, in order tosynthesize 
copolyn-er (A) where content of polynxrization unit v\4iich is 
based onthe perfluoro (alkyl vin^d ether) is 0.3 mole % or less 
and particularly preferably 0.2 mole % or less, it sets, or it 
synthesizes thetetrafluoroethylene polymer (B), as 
tetrafluoroethylene monomer alone. Next, after forming 
copolymer (A) or polynxr (B) of predetemiined amount, 
continuingreaction, it synthesizes copolymer (C). Continuing 
monomer which is consumed by reaction in order ratio ofthe 
tetrafluoroethylene nx)nomer / perfluoro (alkyl vinyl ether) 
monomer, to formcopolyn-er (C) wiiere content of 
polyn-erization unit vAich isbased on perfluoro (all^l vinyl 
ether) is 1 .0 to 3.0 nx)le% regarding poststagp which it supplies, 
it sets. 

[0033] Regarding to this invention, you can adopt solution pol 
yrrerization , suspension polymerization and the emilsion 
polymerization or other various polymerization method to 
tetrafluoroethylene in nxxiiumand copolymerization reaction 
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of Iheperfluoro (alkyl vinyl ether). Especially solution 
polymerization method and suspension polyiTerizalion method 
are appHed desirably. 

[0034] As polymerization mediumof solution polymerization 
method and suspension polymerization method, it possesses 
snull ozone layer destruction coefficientjt is desirable to use 
mixed mediumof CF2 OCFl O-IC IF and water \\^ich 
canraise molecular weiglit of tetrafluoroethylene / perfluoro 
(alkyl vinyl ether) copolymer. 

[0035] Regarding to this invention, reaction condition of wide r 
angp especially withoutbeing limited it can adopt, optinxim 
value be able to select for exanple polymerization reaction 
tenperature, due to types etc of the polynxrization initiation 
source, usually 0 to 100 °C extent and especially 30 to 90 
°C extent can beadopted. Be able to select also reaction 
pressure appropriately, usually itis desirable from point of 
reaction rate to adopt 2 to 1 00 kg^circ and tlieespecially 5 to 
20 kg/cnl2 extent. Regarding to this invention, it can do 
polymerization reaction profitably withoutrequiring reaction 
pressure of excessive, but it is possible even with the vacuum 
conditioa 

[0036] Regarding to this invention, you can list hexane or othe 
r hydrocarbons , C F2 H2 or other hydrofluorocarbons , 
acetone or other ketones ,the methanol , ethanol or other 
alcohols ornxthylmercaptanorothernxrcaptans etc as 
chain transfer agent which controls thennlecular weight of 
copolyim, ease of liandiing methanol is desirablefrom point 
of thermal stability of produced copolynxir. 

[0037] In addition reading to this invention, as for polymeriz 
ation initiator it is possible asixxided to choase from those 
vAichcornnon use are done until recently. You can list for 
exanple di (chloro fluoro acyl) peroxide , di (perfluoroacyl) 
peroxide , t-butyl peroxy isobutanoate , diisopropyl peroxy 
dicarbonate or other organic peroxide , azobisisobutyronitrile 
or other azD compound andthe potassiumpersulfate or other 
inorgsnic peroxide. It is desirable to use di (perfluoroacyl) 
peroxide from point of thermal stability of the produced 
copolymer. 

[0038] Amount used of polymerization initiator can be set appr 
opriately according to tyjxs and polyn-erization reaction 
condition etc, but usually 0.005 to 5 weiglit% and especiallyO. 
05 to 0.5 wei^t% extent can be adopted vis-a-vis monomer 
entirety which is offered to thecopolynxrization reactioa 

[0039] As for PFA conposition due to this invention, spherulit 

e size gives molded article of the25 m or less, in addition, 
inside surface rou^icss gives extrusion molded tube of 0.5 m 
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or less. Furthermore, because PFAconposition due to tliis 
invention and has crystal hzation propertywliich is easy to form 
microscopic spherulite relatively slow cooling rate, when 
thetliick walled tube it forms with extaision molding nxthod , 
tube which is superior in the inside surface aroothncss is 
acquired anoothly profitably. 

[0040] Regarding to this invention, sphen.ilite size , inside surf 
ace roughness , and ci-ystallization tenperature aredefincd as 
follows of . 

[0041] [Spherulite size] With 340 °C conpression molding it d 

oes sanple in filmof thickness 200 m,continuously with 
cooled press with 5 min quench does to room tenperature 
vicinityand draws up test film spherulite size is measured by 
observing surface of test film with thepolarizing microscope. 

[0042] [Crystallization tenperature] Wlien cooling doing with 
10 °C per ninute with differential scanning calorimeter (DSQ , 
exothemipeak issought, tenperature of that tin-c is desi grated 
as crystallization tenperature. 

[0043] [Inside surface roughness] Making use of short axis extru 
der, with 380 °C extrusion molding it does sanple intlie tube 
of internal diameter 8 mm and outer diameter 10 mn 
continuously water cooling does fronthe outside of tube and ' 
draws up test tube, inside surface roughness of test tube is 
rreasui'ed with rougliness meter (Surf Coder 30H : tradename of 
Kosaka Laboratory Ltd. (DB 69-058-3760) niikc) . 

[0044] 

[Work or Operations of the Invention] In molded article fi-om 
PFA composition of this invention, reason where spherulite 
sizeis small inproved is not clear always. Following way it is 
thought. 

[0045] When content of polymerization unit which namely, ge 
nerally is based on theperfluoro (alky! vinyl ether) in PFA 
decreases, with melt tenperature of copolymer also 
theci-ystallization tenperature increases. As for polymer (B) 
wiiich does not contain polyn-erization unit which is based 
onthe for exanple perfluoro (alkyl vinyl ether), 
crystallization tenperature is 3 1 2 to 3 1 7 °C extent, as for 
copolymer (A) w^ere content ofthe polymerization unit which 
is based on perfluoro (alkyl vinyl ether) is little, crystallization 
tenperature is the290 to 3 1 0 °C extent. 

[0046] On one hand, copolymer (Q where content of polymeri 
zation unit which is based onthe perfluoro (alkyl vinyl ether) is 
nwiy crystallization tenperature is approxin-ately 280 ''C, 
crystallization tenperature is lowin conparison with 
copolymer (A) or polymer (B) . 
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[0047] Therefore, wten is only copolymer (Q, wlicn solidifica 
tion after msltmoldingdoing, because crystallization 
tenperature is difficult to form crystal nucleus low, crystal 
nucleuswhere quantity of crystal nucleus is srnill, is little 
sphcrulite growslargely in center. Vis-a-vis this, in case of PFA 
conpositionof this invention, when solidificationafter melt 
molding doing because copolymer (A) or polymer (B) begins 
crystallizationwith tenperature which is higher than 
crystallization temperature of copolymer (C), nxiltiple crystal 
nucleusis formed 

[0048] When quantity of crystal nucleus is irany, in order for c 
rystal to be largethe growth before doing, to touch with crystal 
of adjacent, thegrowth stopping, ^herulite size becomes small. 
If and, crystal nucleus other than copolyirer (Q exists, also 
copolymer (Q thecrystallization becomes easy to do, 
crystallization temperature of PFAconposition of this 
invention isthou^t that it becomes hi^ in conparison with 
crystallization tenperature ofthecopolyn"cr(C). 

[0049] 

[Working Exarrple(s)] Exanple 1 , Exanple 2 and exanple 3 
are Working Exanple, exanple 4 isthe Comparative Exanple. 
Furthemiore , as for nxrasuremcnt of property value of PFA 
copolymerwiiich is formed in Exanple 1 to exanple 3, 
perfluoro polymer is not formed, or besides theaddition is not 
done copolymerization reaction doing under similar condition, 
it didconcemingPFAcopoIynrr wiiich is acquired. 

[0050] [Exanple 1] Outgpssing it did stainless steel reactor of in 
temal volume LI liter, 470g of water, the290g of C F2 CIC F2 
CHC IF (Below , it nukes R225. ), 5g of perfluoro (propyl 
vinyl ether) (Below , it makes PPVE. ),80gofthe 
tetrafluoroethylene (Below , it niikesTFE. ), inserted 19g of 
methanol, kept in 50 °C, itinseited 1 wt% R225 solution 0.5g 
of di (perfliK)ro butyryl) peroxide as polymerization initiator, 
started reactioa While reacting TFE of quantity which it 
corresponds to theTFE wliich is consumed was introduced into 
continuous in reactor,tlTe reaction pressure was kept in 13.0 
kg^cntz . 

[005 1] 20g of PPVE was added to reactor with tinx point wiiich 
introduces 15g of TFE. perfluoro polyn-er wtiich is formed to 
this tinx point particle dian-cter was 10 mor less, theTFE 
quantity which is consumed by reaction v^as sanr amount 
almost. 

[0052] Continuously udiile introducing TFE into continuous, it 
continuedthe synthetic reaction of PFA copolymer. 
Furthermore PPVE 2Gg was iitldcd with time point 
w4iichintroducesTFEof40g. In polymerization reaction in 
order for polymerization rale alnx)st to become fixed. 
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[00 5 4] [<?ij2] P^gigl. 1 'J h;KDXx>U 
7.KS)^^g^^ffiimL. 7K(7)4 7 0 g, R 2 2 5(7) 2 9 
Og, TFE<7)56g. > ^ y — 1 9 g ^tt^iJ^. 

5 0'cicSi#Lr, M^MteSyt LTv (/N"-7;u;fa 

/^-/l-:tvKc?5 0. 2 5M1%R 2 2 5;'§a 

&frxE:^5lO. O k g/cm2 |C«}#Lfco 

[005 5] TFE(;)5g£2gALfcBt^T*PPVE(7) 
2 5 g^SfSSSI^gSADLfc. C(0Bt^tTMc4fiELfc/^ 



[0 0 5 6] ?ltiitT FE$ai|iMI^2§AL3iA<bP 
FA^tl^<*(7)^f!ESlJ?&»#^*1i-fco a^S)E*lil 

SDLfco T FES-^ft 1 00 ggALTP FA*!^**; 

0^iiESF5$$IT$-a-. 1 o 6 g(;)efe^M&<*^JiE1«3 

[0 0 5 7] /^-7;U:^-Pl^<*<D4fii6lfccti;ttttfi 
, PFA^^S&<*CD^f5ESfcc):i;i44*1i. 



[0058] [ffil3] 1 >; 'y h^U^Xf-^U 

XSlSlSgSSBftmL, 7k(;)4 7 0 g, R 2 2 5(7)29 
Og, TFE<;)56g. PPVE<;)25g, ( 
X) A<1. 3mm3/'fJ?, S£^-fiA< 3 0 /i miUTOx h 

5 g, 9 g^ttJi-J^, 5 0°C(w<fi#LT 

K(7)0. 2 5lg%R 2 2 5';§;"S^ 1 gtti^<5^, 



polynrerization initiatorwas added to continuous. TFE total 40g 
introducing total lOOg and PPVE, ending thcsynthctic reaction 
of PF A copolymer, white copolymer conposition of 105g it 
acquired as slurry state. 

[0053] Produced anxjunt and property value and of produced 
amount and property value andthe PFA copolymer of 
perfluoro polymer conposition of copolymer composition 
which is acquired (weight ratio of perfluoro polymer /PFA 
copolynxr) andthe property value of nx>lded article of 
property value , and said copolymer conposition is shown in 
thcTable 1, 

[0054] [Exanple 2] Oiitg;issiiig it did stainless steel reactor of in 
temal volume 1 . 1 liter, 470g of water, the290g of R225, 56g of 
TFE, inserted 19g of the methimol, kept in 50 °Q 0.25 weight 
% R225 solution of di (perfluoro biityryl) peroxide it started Ig 
addition and reaction as polymerization initiator. While 
reacting TFE of quantity which it corresponds to theTFE which 
is consumed w^ introduced into continuous in reactor,the 
reaction pressure was kept in 1 0.0 kg/crrQ . 

[0055] 25g of PPVE was added to reactor with time point which 
introduces 5g of TFE. perfluoro polymer vAich is formed to 
this tin-e point particle dicurieter was 10 mor less, theTFE 
quantity which is consunxd by react i on was same amount 
almost. 

[0056] Continuously \\liile introducing TFE into continuous, it 
continuedthe synthetic reaction of PFA copolymer. In 
polynrrization reaction in order for polymerization rate 
almost to become fixed, polymerization initiatorwas added to 
continuous, total 100ginlroducingTFE,endingsynthetic ' 
reaction of PFAcopolynrr, thewliite copolymer conposition 
of 106g it acquired as slui iy state. 

[0057] Produced amount and property value and of produced 
anx)unt and property value andthe PFA copolynxr of 
perfluoro polymer conposition of copolymer conposition 
which is acquired (weiglit ratio of perfluoro polyirer /PFA 
copolymer) andthe properly value of molded article of 
property value , and said copolymer conposition is shown in 
theTable 1. 

[0058] [Exanple 3] Outg^issing it did stainless steel reactor of in 
temal volums 1 . 1 liter, 470g of water, the290g of R225, 56g of 
TFE, 25gof PPVE,the volume flow rate (X) it inserted 19g of 
perfluoro polymer 5g antl n-ethanol w4iere the 1 .3 mni3/sec 
and particle diameter consist of tetrafluoroethylene polymer of 
30 mor less, kept in thc50 °C, 0.25 weight% R225 solution 
of di (perfluoro butyryl) peroxide it started Ig addition and 
reaction as the polymerization initiator. While reacting TFE of 
quantity which it corresponds to theTFE \^4iich is consumed was 
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introduced into continuous in reactor ,the reaction pressure was 
kept in 10.0 kg^cntz , In polyn-erization reaction in order for 
polyrrcrization rate almost to beconr fixed, polymerization 
initiatorwas added to coni inuous. 



[0 0 5 9] T F E<DmXM.f}<^ 0 0 ^{zU^tz^^X* 



[006 1] [15114] PPVE^m^l8jiSB#|ca)J^3 5 

. T FE^ 1 0 0 g^)S»DLTm^^*l7Lfco ±fi!cL 
fcP F A*S^<*l;i:l 0 4 gT'fcofcp ^Sb^fcP F A 
*l^<*<D^/iElfcJ:t;tittfi, ^^bt/CliSP FASS 



[006 2] 



[0059] Ending synthetic reaction of PFA copolyn-er with time 
point where introduced amount of theTFE becomes lOOg, white 
copolymer composition of 1 12g it acquired as theslurry state. 

[0060] Produced amount iuid property value and of addition q 
uantity and property valLic andthe PFA copolymer of perfluoro 
po\yncT conposition of copolyiTer composition which is 
acquired (wei^ ratio of perfluoro polymer /PFA copolymer) 
andthe property value of molded article of property value , and 
said copolymer composition is shown in theXable 1 . 

[0061] [Exarrple 4] PPVE besides postaddition it does not do to 
in 35g addition and the polymerization reaction TFE was 
introduced into reactor in same way as theExampIe 1 only at 
time of polynxrization iiii i iation, reaction pressui'e was kept 
unifom^y, theTFE lOOg postaddition was done and 
polymerization ended PFA copolymer wiiich it fomi; was 
104g. property value ol' molded article of produced amount 
and property value , and thesaid PFA copolymer of PFA 
copolyn-cr which is acquired is slx)wn in Tabic 1 . 

[0062] 
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[Table 1] 







m2 


^3 


M4 












±&&^ft.\tmLm (g) 


15 


5 


5 




ppvE^ft 


0.2 


0 


0 


- 


(X) (mm» /m 


3.7 


1.5 


1.4 


- 




303 


315 


316 


- 












(g) 


90 


101 


107 


104 


PPVE^WM (^JPX) 


1.45 


1.38 


L43 


1,30 


^mm& (Y) (mm' /f» 


2.4 


2.1 


2.3 


2.2 






- 


- 


280 












(P) / (F) ©SSit 


15/90 


5/101 


5/107 


- 


ppvE^a 


1.33 


1.35 


1.30 


- 


«fi«6i (Z) (mm' /m 


2.2 


.1.9 


1.9 


— 




289 


293 


292 














^ftlJ--rX (/zm) 


8 


3 


7 


52 




0.2 


0.1 


0.2 


0.6 


5l3B3i« (kg/cm' ) 


467 


470 


460 


440 



[0 0 6 3] 

7 p A< P F A * (ci?)- «i L 

P FAIiai!£!B5$R7&**J(Ciiiil?#|>o f#btl?>PFA 



[0063] 

[Effects of the Invention] According to nxmufacturing method 
of this invention, PFAcoirposition which powder particle of 
thespecific perfluoro polymer disperses to unifonn in PFA can 
be producedsmoothly profitably. PFA conposition vvWch is 
acquired maintains property and themolding property of PFA, 
at san*B time, possesses nicroscopic qDherulite and can gi vethe 
molded article \^ch is superior in surface snx)othncss. 
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